MR HE M
11YIWU GUIHUA JIAOCAI

: TR AL U4 14

» http: // jc.cepp.com.cn




EEREHE “"T—H” HUEHM

PUTONG GAODENG JIAOYU SHIYIWU GUIHUA JIAOCAI

JIXIE GONGCHENG ZHUANYE YINGYU

HRIRE IS

¥ m raiE
B B Btz B E IR
¥ ® RFEW

@mwamt

http: /. jc.cepp.com.cn



BEBSHE *F—0° BUKG ;
=  HWIREELRE

w %

BV EERKEFERLNEBHARTS, R REEESRAEITEREHENARE
g, HEBT 2007 FMM T (REFBRBEFER), B3P HRELEFERBEE
K4 I =ANAFERE B BRMERENR, HRIXHX=AN2E K EEE SRR Y AR
HARHTARKMER. BREXEEEREERIEEEEBNREHNNEEES K ERBIR
B, ERREHEMIISMRKMER, HRUNEERN A IEIRINBEBENERNE
. WJWEXNEM, RERSEYE, CHEBEAE L HWANE RS BRI EE X5
FIRERE. 2EBREMSERE, HHEREREIBEEWEELWAMNEBRENETE
MY ITREARANREIFERHER,

EPIMEETWXE 9 E, 238D, BESSHFUNE, £E5THRIE S LS
BIARBSRATHIE. TEARCHE: 58088, USBMEEHLEFERXENR
F; BESEET IRAEXNEBBAHEMNCE; F=8Mo0 7 B CENMETHMRE T
HIRJTH; FEINESH 8 BXEANE XNMEETARNEMAIREER,; BARIEREXE
FhESEBER R TR 6 BXCE; FAES 108, METFHHEEBHER: SLBIO 11 E
XENBTY RN, LETRBHIBELERGILRAOLESEE, RFERTHI 58
AT LB VI AH % B SCER A R

EBANEFHR. DL, BEET, FIEARNRSE THEMEILHERMA, XF
FrénFRRFE M, MIBE AT ML A IS R, XEefiiEd 7R .

AR B RKEHDBBEER. BMRAS2TOT: WILRVKETLBRS
PART1, #dbi i K¥%1b5149'S PART2. PART3 & PART7 (¥ 7.1. 7.7~7.9, #dbe K
4 BIRYGRE PARTA.PARTS & PART7 i) 7.2~7.6, #dbH i K¥HE 4’5 PART6 X PART7
# 7.10. 7.11.

EPHPERERAEARBEREE. FREZMEETRSEHMHZLAR, FHIFR
LR

HTHREKFHR, BPRAEAZRBRERZL, BFE KNZEHMIFRIE.

wOE
2010 52 A



L

at

BEESNE =0 U5

;]
Part1

1.1
1.2
1.3
14
L5
1.6
1.7
1.8
Part 2
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
Part3
31
32
33
34
3.5
36
3.7
Part 4
4.1
4.2
4.3
44
4.5

mE

= RIS LRE

Mechanical Materials and Heat Treatment ----------«-cssesrsesecressssrsrsrrsesissssesssosssssssssssssssssaas 1
Ferrous Metals and Their TSE «++oo--srerrersesassrrsrcessesisionrenrossssssssastsssossssassensssasssssssnssessasssssnssennerees 1
NONTEITOUS MELALS +++++++trosesseereaarerersrrnneersssssranriesissssrressesssssesssosssnecsssssnssasssarsssrssssessssserassnsnnes 3
Ceramics and Other Materiglg ------srssseressrarsrrrresssissiaeeeiosssrssnssresssssssssteseansasssssassssassssssssnnasseses 5
CASLIIIES rovoerressseseressenrsnrene ettt e bbbt st e s bt s R e bt 8
FOTGIng: e esverversersnesaestetstnnet sttt bbb s st s st n sttt es 12
B T G TP VO U OO 15
Heat Treatment ...................................................................................................................... 20
Engineering Material s+« s+sretserersnimmimssmssininniniisniisitiiisestststsassssessseesstsmssssossssanssssasesessnns 22

Mechanical Elements and MechaniSmig -«-:c--««+crsseserescrntusitiisiosiiioeictenniannseceenanieneens 25
T EATIBTAIGRIQTL o +ssneroressessarnovassrasonsarssessassrsorsesssass satsnsses oo shssiasssssesasesssssssssnssrassisessasssannnsvaniss 25
GIEAL +++-+++=="rrresesssrsrreretnissassenresssssosssstaenresssssnannssossorsstestassesaessnsessissssnsssaeessnsansssantensnsersrssssnsnnser 28
Blt IDIIVE«++srresrerrrnrrerssrrastarinnimmmermmiinmsietsiimiimirrierssismesssesssssasosssssssssssssssssnsssssessasssssassessssnsseas 33
COUPLIG «++#++42+2+esesertureanssesrsnet sttt ettt bbbt s s 38
Beanng ................................................................................................................................... 4 1
Hydraulic Machineries and Hydraulic CirCUILs « - -+=-sssssssssrsressessssnsnssinsissisrssnsanismenisenssasas 44
Hydraulic Pump and Control Valve ssseereseceriscrrirersitactiioieiiricnioenssinsrsrsimmssieiiosiosessaniasensenes 47
Other Components of Hydraulic Systemm+ - ++ssssssesesssssstratsmsnssessssssssisssntssssissinnsesssssssnsens 49
Properties of Hydraulic FIuids -+ +s+sssessssssssessessesssarssatsesensscseisnninnnsnssisisssssssssssesessisnninins 52

Mechanical DIesigrn -« cocsstseeesetstesiestasmsintiintststntntsestsesstsnstsstsnestsaesssnsstans st sa e nneas 55
Mechanical Design-- -+ s+ srssstssssrsssessessnsirtssinsssss ettt ss s sa e 55
Elementary Rules of Mechanical Design -+« ++++sesscssssessrsensmssissarsesssssssusssessatssssmsanssssnssniens 58
ENgineering TOIEIANCE «++ s+ s sestssssestossesssnsrstanisissitistst st sttt s s 61
Design Method( I ) - esrrereseseeressrarserstmstntosmsssisitsstsssnsissssss st ssssssisiasssens 63
Design Method (I1) -+ esessrerescsseasrensstscsststussisestniscisises sttt sttt s sansns et is 67
Reliability ENgInering «- -+« -++ts+ssrsseecsserssesseseuseuetsussusisssseasssessicistsastsis e srssssssssssasissssasssess 73
COMPUtEr Aided Design -+ -+ +ssesssssssrssesssssssssssssessssisssstssssssss st srss s s ses 75

Mechanical ManUfAacCtUIiIg -« +«sc-tsesesstrssssosntsisteioinisiinsietsuiiitotinisisssitstisssesis 80
Metal WOTKIRg - oeeeesrssersrssssstsmenstss st s 80
TOOI Bifsrsereossessaressssecssnerennrsrarsssssasrarsasanssanesssnsssssssrssesanssssesassnionssossssessettrssenesnssssnesorsnssrsnsressons 89
Materials for Cutting TOOLS «+++++++ssssessssssessasrsrsrssssssssrassisiessssissasssssssssssstisstenssntesss s saenenes 92
TOO] (o7 | T T T T R T T T T T R P PR PO PP P PP PP PPET 96



4.6 LLaAthe -ooeresseererrttrerrrnrtint e et et reaese s et anbr e e e s see s anaeeeeoenessnnantestennesnnnnsens 102
4.7  Speeds and Feeds -+ ettt st 111
4.8  Computer Aided ManufaCturing:+ -+ -+ -sssssessssssseesnserscrssersssssssssesssssssmsnsssssssssssessserssesssenes 117
Part5 Advanced Manufacturimg: - - -scessesresearmonnininnintiiiniiii ettt 122
5.1 Computer Integrated ManufaCturing -+ -+ -ssssessersseessersessmsssmssssssssssessesssssssesscssersserseces 122
5.2  Flexible Manufacturing SYSLem « - - -sersssssesissminmisnessssnsinnansinssssssssssssssssssssssesecsesseses 124
5.3 Agile MAnUFACIUIINE +++++ srssrssrsremssssserertsissiissssissitststsseasses st s s s sssssess bbbt b s sesaniens 126
5.4 Virtual Manufacturing -+ -+ -sesesseesseusersersrssemmnemesissanssssssssssssssssssassssssssssscssssesssssessns 129
5.5 Intelligent Manufacturing ..................................................................................................... 133
5 6 Concurrent Engineering ....................................................................................................... 1 36
PArt 6  MeChAtIOMICS «+ocoeerorereerersrrrssrmessiteerssstessissesiesstessossmnassssesesannesersasesessesesssssssssnneasansnes 139
6.1 Introduction to Control Systems ........................................................................................... 139
6.2 Structure and Characteristics of Control System .................................................................. 141
6.3  Compensation TeChiqUes -+ -+ s +rseersrressessimsmsiisniiasreseisessrssssssss st s s sasssssosins 144
6.4 Digital CONLIOL -+ +orrerrrerrrrrrersimimntitiinn ettt tsvobe s s ssbessbebe s beenene 146
6.5 Building Appropriate Mathematical Models for a Control System:+«--+-«----- R 148
6.6 PLC and Its HiStOry -« «-settsrersesrerssm ittt 149
6.7 Mechatronic Research and Development -+« wsewssersserssersmierssssssessesssssissassssnsesesssesssens 151
6.8 Numerical Controlled (NC) Machines:+ -« -+-+sssssesessssisssiisinsunmccnesrcstssassssstsssssnnssssenens 153
6.9 TNAUSLIIAL RODOL -++++rvesrermssrrrsrrssretrotiutinsisuontasessueesesssssansessessessssssessassassessessssssessesssssnsassassmnsons 155
6.10 Benefits Of MECHALTOMICS ++++--+++--r+rerrersnrersrarererrirmerrsottressssnsosssstessasesssasssanssassssessssssesessssnes 158
Part7 Extensional Reading - e-roreeeresrcemimrisiiniitiiin sttt 161
7.1 New Austenitic Stainless Tube with Superior High Temperature Strength «+«-:+«+s+ssseersrses 161
7.2 Automated GUided VERIClE -+ ---«w---reerermsrrresirinsirsinerissstesisssentoresssessesssressssnntresssserssssasssssesanes 165
7.3 ReVerse ENgIneering -+« -+ ssersssrresrsismsstatiissiit st 171
7.4 Lean Manufacturing -+« -++s+ssssessssesssssmemsssesststet sttt st 176
7.5 Enterprise ReSOUIce Planning -+ sstrssesserssssnsssemmsiiinietiis sttt e 189
7.6 Other Manufacturing Technology-: -+ sssessssesssssussmmsmraisstiesiintteisi et 195
7.7  Sustainable Desig -+t eresrseirarentttitt e 201
7.8 Knowledge_based Engineering ............................................................................................. 204
7.9 Computer Simulation ........................................................................................................... 208
7 . 10 Who OWnS Mechatronics? ................................................................................................. 21 1
7.11 Coal Handling System and Equipment for Power Stations in China -«-«+«sssseseesresneesrescsicas 217

References .................................................................................................................................... 223



T
(X
Sy
&l
En

= W IEELKE

Part 1 Mechanical Materials and
Heat Treatment

1.1 Ferrous Metals and Their Use

It is known that ferrous metals are very important in the world, and have the greatest
importance for industry. More than 90% by weight of the metallic materials used by human
beings are ferrous alloys. Metals consisting of iron combined with some other elements are
known as ferrous metals. All the other metals are called nonferrous metals. Ferrous metals
include plain-carbon steels, alloy and tool steels, stainless steels, and cast irons. These groups
of ferrous alloys have a wide variety of characteristics and applications.

Carbon steels are the most common steels used in industry. These eminently practical
materials find applications from ball bearings to metal sheet formed into automobile bodies.
The properties of these steels depend only on the percentage of carbon they contain. Low
carbon steel containing from 0.02% to 0.25% carbon, and they are very soft and can be used
for bolts and for machine parts that do not need strength. Medium carbon steel containing from
0.25% to 0.6% carbon which is a better grade and stronger than low carbon steel. High carbon
steel containing from 0.6% to 2.11% carbon, these steel is sometimes called “ tool steel . They
obtain high hardness by a quench and temper heat treatment. Their applications include cutting
tools in machining operations, dies for die casting, forming dies, and other in which a
combination of high strength hardness, toughness, or temperature resistance is needed.

Stainless steel require alloy additions to prevent damage from a corrosive atmosphere.
Stainless steels are more resistant to rusting and staining than carbon and low alloy steels, due
primarily to the presence of chromium addition. The amount of chromium is at least 12.7% and
usually as high as 30%, which permits a thin protective surface layer of chromium oxideto
form when steel is exposed to oxygen. There are four categories of stainless based on crystal
structure and strengthen mechanism. They are the ferritic stainless steel, martensitic stainless
steel, austenitic stainless steels, and precipitation hardening stainless steels.

The austenitic stainless steels have the austenite structure retained at room temperature.
The austenite has the FCC structure and is stable above 910°C. This structure can occur at
room temperature when it is stabilized by an appropriate alloy addition such as nickel. Without
the high nickel content, the BCC structure is stable, as seen in the ferritic stainless steels. For
many applications not requiring the high corrosion resistance of austenitic stainless steels,
these lower alloy (and less expensive) ferritic stainless steels are quite serviceable. A rapid
quench heat treatment discussed later allows the formation of a more complex body centered
tetragonal crystal called martensite. This crystal structure yields high strength and low ductility.
As a result, these martensitic stainless steels are excellent for applications such as cutlery and
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springs. Precipitation hardening is another heat treatment. Essentially, it involves producing a
multiphase microstructure from a single phase one. The result is increased resistance to
dislocation motion and, thereby, greater strength or hardness. Precipitation hardening stainless
steels can be found in applications such as corrosion resistant structural members.

Cast irons are iron-carbon alloys that pass through the eutectic reaction during
solidification and greater than 2.11% carbon. There are five important types of cast irons.
White cast iron contains massive amounts of cementite and is a hard, brittle, unmachinable
alloy. Gray cast iron contains small, interconnected graphite flakes that cause low strength and
ductility. A significant silicon content (2% to 3%) promotes graphite precipitation rather than
cementite. The sharp, pointed graphite flakes contribute to characteristic brittleness in gray
iron, Malleable. cast iron is produced by the heat treatment of white iron, causing cementites
decomposed to irregular but rounded clumps of graphite. This graphite form permits good
strength, ductility and toughness in the iron. Ductile or nodular cast iron contains spheroidal
graphite particles. These spheroidal graphites are obtained during solidification by the addition
of small amounts of magnesium to the molten iron. This resulting ductile iron derives its name
from the improved mechanical properties compacted graphite cast iron contains vermicular
graphite. They are also obtained during solidification by the addition of magnesium or rare
earth elements. The structure and properties of compacted cast iron are intermediate between
gray and ductile irons.

Words and Expressions

ferrous [feras] adj. %W, &M ‘precipitation hardening  YTiERE4L
ferrous metals RBE4&E FCC MOl

nonferrous metals HEEE BCC & sEH

carbon steels FHE4N ductility [dak'tiliti] n. FEREH:

eminently ['eminantli] adv. ZsHiHh cutlery [katlori]n. J1 R

quench [kwent[]vr. &k dislocation [disle'kei[an] n. {144
temper [tempa] v¢. [El:k eutectic reaction It RN

hardness ['ha:dnis] n. TR cast iron #8k

toughness ['tafnis] n. #1%, RIE cementite [si'mentait] n. B (FesC)
stainless steels ANEEH malleable cast iron FJ4R¥EER

rust [rast] vt. 245 nodular ['nodjule] adj. IR
chromium [kreumjam] n. %% spheroidal graphite cast iron EREBFFE
ferritic [fo'ritik] n. & Fk magnesium[maeg'ni:zjom] n. &
martensitic [ma:tin'zitik] n. K& molten ['mavulten] adj. JEILH, HERER

austenitic [,osta'nitik] n. B KA4% vermicular graphites cast iron %2458k
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1.2 Nonferrous Metals

Although ferrous alloys are used in the majority of metallic applications in current
engineering designs, nonferrous alloys play a large and indispensable role in our technology.
The most important nonferrous metals are copper, aluminum, lead, zinc, tin, but all these
metals are used much less than ferrous metals, because the ferrous metals are much cheaper.

Aluminum is best known for low density and corrosion resistance. It has a density of 2.70
g/cm’® or one third the density of steel. Although aluminum alloys have relatively low tensile
properties compared to steel, their strength-to-weight ratio is excellent. Aluminum is often
used when weight is an important factor, as in aircraft and automotive applications. On the
other hand, aluminum often does not play an endurance limit in fatigue, so failure eventually
occurs even at rather low stress. Because of its low melting point, aluminum does not perform
well in the high temperatures. Finally, aluminum alloys have a low hardness, leading to poor
wear resistance. Aluminum alloys can be subdivided into two groups, wrought aluminum and
casting aluminum alloys. Wrought alloys are shaped by plastic deformation. They have
compositions and microstructures significantly different from casting alloys. It reflects the
different requirements of manufacturing process. Within wrought alloys group we can divide
the alloys into two subgroups—heat treatable and nonheat treatable alloys. Heat treatable
alloys have a high hardness, whereas nonheat treatable alloys are hardend by solid solution
strengthing.

Copper alloys possess a number of superior properties. Their excellent electrical
conductivity makes copper alloys the leading material for electrical wiring. Their excellent
thermal conductivity leads to applications for radiators and heat exchangers. Superior
corrosion resistance is exhibited in marine and other corrosive environments. The FCC
structure contributes to their generally high ductility and formability. Copper alloys are also
unique in that they may be selected to produce an appropriate decorative color. Pure copper is
red. However zinc additions produce yellow color and nickel produce a silver color. The
copper can take advantage of all of the strengthening mechanism. So there are a myriad of
copper-base alloys. The copper-zinc alloys are known as brass. Manganese bronze is a
particularly high-strength alloy containing manganese as well as zinc for solid solution
strengthening. A copper-nickel-zinc ternary alloy is called nickel silver. Although it does have
a silver color, it really has no silver present. The formability of these alloys approaches that of
copper-zinc alloys.

Magnesium alloys have even lower density than aluminum, and as a result, appear in
numerous structural applications such as aerospace designs, high speed machinery, and
transportation and materials handling equipment. However, magnesium has a low modulus of
elasticity and poor resistance to fatigue, creep, and wear. Magnesium also poses a hazard
during casting and machining, since it combines easily with oxygen and burns. Finally, the
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response-of magnesium to strengthening mechanisms is relatively poor. In magnesium alloys,
strengthening is achieved by solid solution strengthening, strain strengthening; grain size
control, dispersion strengthening, and age hardening. As in aluminum alloys, the solubility of
the alloying elements in magnesium is rather low, so the degree of solid solution strengthening
is limited.

Nickle alloys are used for corrosion protection and for high temperature resistance. It
takes advantages of its high melting point and high strength. The lattice of nickle is FCC
structures and has good formability. Nickle alloys have much in common with copper alloys.
We have already used the Ni-Cu system as the classic example of complete solid solubility.
When copper is added to nickle, the maximum strength is obtained near 60% Ni. A number of
alloys, called Monels, contain approximately this composition. They are used in salt water and
at a relative high temperature for their strength and corrosion resistance. Nickle is harder than
copper, but monel is harder than nickle. Nickle exhibits excellent corrosion resistance and high
temperature strength. Some of the monels contain small amounts of aluminum and titanium.
These alloys show an age hardening. Superalloys contain large amounts of alloying elements.
These elements can produce a combination of high strength at elevated temperature, resistance
to deformation at temperatures up to 1000°C, and resistance to corrosion. There are three
categories of superalloys. They are nickle base alloy, iron-nickle base alloy, and cobalt base
alloy. Typical use includes vanes for turbine and jet engines, heat exchangers, chemical
reaction vessel components, and heat-treating equipment.

Different metals are produced in different ways, but almost all the metals are found in the
form of metal ore (iron ore, copper ore, etc.). The ore is a mineral consisting of a metal
combined with some impurities. In order to produce a metal from some metal ore, we must
separate these impurities from the metal that is done by metallurgy.

Words and Expressions

copper [kopal n. 4 heat treatable R # b B gR{L

aluminum [8lju:'minjem] ». 45 solid solution strengthing & ¥ B 355% 4L
lead [li:d] n. %5 brass [bra:s]n. B4

zinc [zink] n. % manganese bronze 57

tin [tin]ln. %% modulus [modjulas] n. # (3, &)
density ['densiti] n. #FE elasticity [ilees'tisiti] n. ¥

tensile ['tensail] adj. FKER, FEDH strain strengthening N TAE{k

fatigue [fo'tirgln. HFH grain size control 4l &Rk

failure [feilje]l n. KX dispersion strengthening SRR
wrought aluminum alloy EZ4#HE&€ age hardening AJR{5RL

casting aluminum alloy %%&4844& lattice [leetis] n. ¥
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Monel [mau'nel]l n. FJIRE vessel ['vesol] n. &A%

nickle base alloy LCIEANENES ore [0:(N]n. WFH

cobalt [ka'bo:lt] n. 44 impurity [im'pjueriti] n. 2%
vane [vein] n. Mk metallurgy [mi'teeladzi]l n. 184K

turbine ['ta:bin] n. KWL, WL
1.3 Ceramics and Other Materials

A ceramic is an inorganic, non-metallic solid prepared by the action of heat and
subsequent cooling. Ceramic materials may have a crystalline or partly crystalline structure, or
may be amorphous (e.g., a glass). Because most common ceramics are crystalline, the
definition of ceramic is often restricted to inorganic crystalline materials, as opposed to the
non-crystalline glasses.

Ceramics have been traditionally known as hard materials that can withstand harsh
environments and high temperature. These attributes have lead to their use in applications such
as cutting tools and turbine coatings. However, ceramics are also rich in electrical and
magnetic properties, which have lead to their use as insulators, dielectrics, superconductors,
magnets, electrodes, and electrolytes.

Ceramics are used in the manufacture of knives. The blade of a ceramic knife will stay
sharp for much longer than that of a steel knife, although it is more brittle and can be snapped
by dropping it on a hard surface. Ceramics such as alumina and boron carbide have been used
in ballistic armored vests to repel large-calibre rifle fire. Such plates are known commonly as
Small Arms Protective Inserts (SAPI). Similar material is used to protect cockpits of some
military airplanes, because of the low weight of the material. Ceramic balls can be used to
replace steel in ball bearings. Their higher hardness means that they are much less susceptible
to wear and can offer more than triple lifetimes. They also deform less under load meaning
they have less contact with the bearing retainer walls and can roll faster. In very high speed
applications, heat from friction during rolling can cause problems for metal bearings; problems
which are reduced by the use of ceramics. Ceramics are also more chemically resistant and can
be used in wet environments where steel bearings would rust. The two major drawbacks to
using ceramics is a significantly higher cost, and susceptibility to damage under shock loads.
In many cases their electrically insulating properties may also be valuable in bearings.

In the early 1980s, Toyota researched production of an adiabatic ceramic engine which
can run at a temperature of over 6000°F (3300°C). Ceramic engines do not require a cooling
system and hence allow a major weight reduction and therefore greater fuel efficiency. Fuel
efficiency of the engine is also higher at high temperature. In a conventional metallic engine,
much of the energy released from the fuel must be dissipated as waste heat in order to prevent
a meltdown of the metallic parts. Despite all of these desirable properties, such engines are not
in production because the manufacturing of ceramic parts in the requisite precision and
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durability is difficult. Imperfection in the ceramic leads to cracks, which can lead to potentially
dangerous equipment failure. Such engines are possible in laboratory seftings, but
mass-production is not feasible with current technology.

Work is being done in developing ceramic parts for gas turbine engines. Currently, even
blades made of advanced metal alloys used in the engines’ hot section require cooling and
careful limiting of operating temperatures. Turbine engines made with ceramics could operate
more efficiently, giving aircraft greater range and payload for a set amount of fuel.

Recently, there have been advances in ceramics which include bio-ceramics, such as
denta] implants and synthetic bones. Hydroxyapatite, the natural mineral component of bone,
has been made synthetically from a number of biological and chemical sources and can be
formed into ceramic materials. Orthopedic implants made from these materials bond readily to
bone and other tissues in the body without rejection or inflammatory reactions. Ultimately
these ceramic materials may be used as bone replacements or with the incorporation of protein
collagens, synthetic bones.

High-tech ceramic is used in watchmaking for producing watch cases. The material is
valued by watchmakers for its light weight, scratch-resistance, durability and smooth touch.
IWC is one of the brands that initiated the use of ceramic in watchmaking. The case of the
IWC 2007 Top Gun edition of the Pilot’s Watch Double chronograph is crafted in high-tech
black ceramic.

Plastic is the general common term for a wide range of synthetic or semisynthetic organic
amorphous solid materials suitable for the manufacture of industrial products. Plastics are
typically polymers of high molecular weight, and may contain other substances to improve
performance and reduce costs.

The word derives from the Greek mlactikdg (plastikos) meaning fit for molding, and
miaotog (plastos) meaning molded. It refers to their malleability, or plasticity during
manufacture, that allows them to be cast, pressed, or extruded into an enormous variety of
shapes—such as films, fibers, plates, tubes, bottles, boxes, and much more.

The common word plastic should not be confused with the technical adjective plastic,
which is applied to any material which undergoes a permanent change of shape (plastic
deformation) when strained beyond a certain point. Aluminum, for instance, is plastic in this
sense, but not a plastic in the common sense; while some plastics, in their finished forms, will
break before deforming and therefore are not plastic in the technical sense.

There is no single plastics material which is suitable for all applications. It is important that
the most suitable plastics should be chosen, and if necessary adapted, for each particular
requirement. It is also important that the properties of the plastics material chosen should be
exploited to the best advantage.

As important materials, the polymers are available in a wide variety of commercial forms:
fibers, thin films and sheets, foams and in bulk. Polymer properties are broadly divided into
several classes based on the scale at which the property is defined as well as upon its physical
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basis. The most basic property of a polymer is the identity of its constituent monomers. A
second set of properties, known as microstructure, essentially describe the arrangement of
these monomers within the polymer at the scale of a single chain. These basic structural
properties play a major role in determining bulk physical properties of the polymer, which
describe how the polymer behaves as a continuous macroscopic material. Chemical properties,
at the nano-scale, describe how the chains interact through various physical forces. At the
macro-scale, they describe how the bulk polymer interacts with other chemicals and solvents.

The bulk properties of a polymer are those most often of end-use interest. These are the
properties that dictate how the polymer actually behaves on a macroscopic scale.

The tensile strength of a material quantifies how much stress the material will endure
before failing. This is very important in applications that rely upon a polymer’s physical
strength or durability. For example, a rubber band with a higher tensile strength will hold a
greater weight before snapping. In general, tensile strength increases with polymer chain
length and crosslinking of polymer chains.

Young’s Modulus quantifies the elasticity of the polymer. It is defined, for small strains, as
the ratio of rate of change of stress to strain. Like tensile strength, this is highly relevant in
polymer applications involving the physical properties of polymers, such as rubber bands. The
modulus is strongly dependent on temperature.

Words and Expressions

ceramics [si'reemiks] n. Fg& inserts n. HFEY
inorganic [.ino:'geenik] adj. TCHLH cockpit ['kokpit] n. KHL B
crystalline [kristalain] adj. /K&#); AR susceptible [sa'septabl] adj. #E&ZH
amorphous [8'mo:fes] adj. IEHEEN adiabatic [.eedia’beetik] adj. FREHHY
insulator [insjuleite] n. #a%%3% imperfection [impa'fek[an] n. #ts
dielectric [daii'lektrik] n. FHAMFT, #%k{k  bio-ceramics “PME
superconductor [sju:paken'dakta] ». synthetic [sin'Oetik] adji. &I, &K

B SR hydroxyapatite [hai.droksi'sepatait] n.
electrolyte [i'lektroulait] n. Hf# 5% BB A
blade [bleid] ». 7J0; J]7] synthetically adv. 4F&Hh; &R
snap [sneep] ve.&vi. FEIRETH orthopedic [0:00u'pi:dik] adi. BHEIIEIH
alumina [8'ju:mins] n. #AL4S tissues ['tis ju: 1n. £
boron carbide  FEALHH scratch-resistance  HiRIGME
ballistic [ba'listik] adj. K&t IWC HERAFA
armored ['a:mad] adj. FEFK chronograph [kronagra:f] n. iHAt%
repel [ri'pel] vt. &l semisynthetic ['semisin'Oetik] adj. & HH)

small-arms R H 3% polymer ['polima]ln. &Y
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malleability [meeliobiliti] n. HIEREM:, FMPE  bulk physical properties . ¥ {k4 4% 4
foam [foum] n. ¥k end-use Bk
monomer [monama] n. Bi{k Young’s Modulus # iR

1.4 Castings

In metalworking, casting involves pouring a liquid metal into a mold, which contains a
hollow cavity of the desired shape, and then is allowed to solidify. The solidified part is also
known as a casting, which is ejected or broken out of the mold to complete the process.
Casting is most often used for making complex shapes that would be difficult or uneconomical
to make by other methods.

The casting process is subdivided into two main categories: expendable and non-
expendable casting. It is further broken down by the mold material, such as sand or metal, and
pouring method, such as gravity, vacuum, or low pressure.

Casting is a solidification process, which means the solidification phenomenon controls
most of the properties of the casting. Moreover, most of the casting defects occur during
solidification, such as gas porosity and solidification shrinkage.

Solidification occurs in two steps, nucleation and crystal growth. In the nucleation stage
solid particles form within the liquid. When these particles form their internal energy is lower
than the surrounded liquid, which creates an energy interface between the two. The formation
of the surface at this interface requires energy, so as nucleation occurs the material actually
undercools, that is it cools below its freezing temperature, because of the extra energy required
to form the interface surfaces. It then recalescences, or heats back up to its freezing
temperature, for the crystal growth stage. Note that nucleation occurs on a pre-existing solid
surface, because not as much energy is required for a partial interface surface, as is for a
complete spherical interface surface. This can be advantageous because fine-grained castings
possess better properties than coarse-grained castings. A fine grain structure can be induced by
grain refinement or inoculation, which is the process of adding impurities to induce nucleation.

All of the nucleations represent a crystal, which grows as the heat of fusion is extracted
from the liquid until there is no liquid left. The direction, rate, and type of growth can be
controlled to maximize the properties of the casting. Directional solidification is when the
material solidifies at one end and proceeds to solidify to the other end; this is the most ideal
type of grain growth because it allows liquid material to compensate for shrinkage.

Cooling curves are important in controlling the quality of a casting (see Fig.1-1). The most
important part of the cooling curve is the cooling rate which affects the microstructure and
properties. Generally speaking, an area of the casting which is cooled quickly will have a fine

' grain structure and an area which cools slowly will have a coarse grain structure.

Below is an example cooling curve of a pure metal or eutectic alloy, with defining

terminology.
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Note that before the thermal arrest the material is a liquid and after it the material is a
solid; during the thermal arrest the material is converting from a liquid to a solid. Also, note

that the greater the superheat the more time there is for the liquid material to flow into intricate
details.

/Poun'ng temperature

_§ T/t=Cooling rate
g / Equilibrium freezing
g 2 temperature
24
E Thermal arrest
=
& | Local solidific ation time |
I L
Total solidification time |
|
Time ()

Fig.1-1 Cooling curve of a pure metal or eutectic alloy

The cooling rate is largely controlled by the mold material. When the liquid material is
poured into the mold, the cooling begins. This happens because the heat within the molten
metal flows into the relatively cooler parts of the mold. Molding materials transfer heat from
the casting into the mold at different rates. For example, some molds made of plaster may
transfer heat very slowly, while steel would transfer the heat quickly. Where heat should be
removed quickly, the engineer will plan the mold to include special heat sinks to the mold,
called chills. Fins may also be designed on a casting to extract heat, which are later removed in
the cleaning (also called fettling) process. Both methods may be used at local spots in a mold
where the heat will be extracted quickly. Where heat should be removed slowly, a riser or some
padding may be added to a casting.

The gating system serves many purposes, the most important being conveying the liquid
material to the mold, but also controlling shrinkage, the speed of the liquid, turbulence, and
trapping dross. The gates are usually attached to the thickest part of the casting to assist in
controlling shrinkage. In especially large castings multiple gates or runners may be required to
introduce metal to more than one point in the mold cavity. The speed of the material is
important because if the material is traveling too slow it can cool before completely filling,
leading to misruns and cold shuts. If the material is moving too fast then the liquid material can
erode the mold and contaminate the final casting. The shape and length of the gating system
can also control how quickly the material cools; short round or square channels minimize heat
loss.

The gating system may be designed to minimize turbulence, depending on the material
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being cast. For example, steel, cast iron, and most copper alloys are turbulent insensitive, but
aluminium and magnesium alloys are turbulent sensitive. The turbulent insensitive materials
usually have a short and open gating system to fill the mold as quickly as possible. However,
for turbulent sensitive materials short sprues are used to minimize the distance the material
must fall when entering the mold. Rectangular pouring cups and tapered sprues are used to
prevent the formation of a vortex as the material flows into the mold; these vortexes tend to
suck gas and oxides into the mold. A large sprue well is used to dissipate the kinetic energy of
the liquid material as it falls down the sprue, decreasing turbulence. The choke, which is the
smallest cross-sectional area in the gating system used to control flow, can be placed near the
sprue well to slow down and smooth out the flow. Note that on some molds the choke is still
placed on the gates to make separation of the part easier, but induces extreme turbulence. The
gates are usually attached to the bottom of the casting to minimize turbulence and splashing.

The gating system may also be designed to trap dross. One method is to take advantage of
the fact that some dross has a lower density than the base material so it floats to the top of the
gating system. Therefore long flat runners with gates that exit from the bottom of the runners
can trap dross in the runners; note that long flat runners will cool the material more rapidly
than round or square runners. For materials where the dross is a similar density to the base
material, such as aluminium, runner extensions and runner wells can be advantageous. These
take advantage of the fact that the dross is usually located at the beginning of the pour,
therefore the runner is extended past the last gates and the contaminates are contained in the
wells. Screens or filters may also be used to trap contaminates.

It is important to keep the size of the gating system small, because it all must be cut from
the casting and remelted to be reused. The efficiency, or yield, of a casting system can be
calculated by dividing the weight of the casting by the weight of the metal poured. Therefore,
the higher the number the more efficient the gating system/risers.

There are a number of problems that can be encountered during the casting process. One
is metal contamination which is called dross, if it is a solid, or slag, if is a liquid. There are a
number of ways to minimize this contamination. In order to reduce oxide formation the metal
can be melted with a flux, in a vacuum, or in an inert atmosphere. Other ingredients can be
added to the mixture to cause the dross to float to the top where it can be skimmed off before
the metal is poured into the mold. If this is not practical, then a special ladle that pours the
metal from the bottom can be used. The gating system can be designed to trap any dross that
might enter the mold, or a ceramic filter can be installed. If some of the dross or slag gets
folded into the molten metal then its known as an entrainment defect.

Another problem that can occur is known as gas porosity, which is the formation of
bubbles within the casting after it has cooled. This occurs because most liquid materials can
hold a large amount of dissolved gas, but the solid form of the same material cannot, so the gas
forms bubbles within the material as it cools. To prevent gas porosity the material may be
melted in a vacuum, in an environment of low-solubility gases, or under a flux that prevents
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contact with the air. Also, the superheat temperatures can be kept low to minimize gas
solubility. Turbulence in the liquid materials as it enters the mold can induce a lot of gases, so
the mold is often streamlined to minimize such turbulence. Other methods include vacuum
degassing, gas flushing, or precipitation. Precipitation involves reacting the gas with another
element to form a compound that will form a dross that floats to the top. For instance, oxygen
can be removed from copper by adding phosphorus, or aluminium or silicon can be added to
steel to remove oxygen. 7

Two more closely related problems are misruns and cold shuts, both involve the material
freezing before it completely fills the mold cavity. The castability and fluidity of the material
can be large factors with these problems. Fluidity affects the minimum section thickness that
can be cast, the maximum length of a thin section, how fine of a detail that can be cast, and the
acéuracy of filling mold extremities. There are various ways of measuring the fluidity of a
material, although it usually involves using a standard mold shape and measuring how far the
material flows. Fluidity is affected by the composition of the material, freezing temperature or
range, surface tension of oxide films, and, most importantly, the pouring temperature. The
higher the pouring temperature the greater the fluidity, however excessive temperatures can be
detrimental. High pouring temperatures can lead to a reaction between the material and the
mold.

Words and Expressions

casting [ka:stin] n. #i& fettling [fetlin] n. WRPFE CInEEAD
metalworking [metlwa:kin] n. &EMMT R  padding [peedin] n. ket

mold [mauld] n. #&EE! gating system BEIE RS

cavity ['keeviti| n. f&; ¥# turbulence ['ta:bjulens] n. #3)

gas porosity S fL dross [dros] n. ¥, THZY
nucleation [inju:kli'eifon] n. t% misrun ['misran] v. RKEEEH

undercool [Andeku:l] . IHEEAE GI¥ )  contaminate [kon'teemineit] ve. V5%, FEME
freezing temperature %58 & turbulent insensitive  AEF R BN
recalescence [riko'lesns] n. B, E4R#  sprue [spru:ln. {FAL

pre-existing SCAFLE rectangular [rek'teengjule] n. K i
fine-grained 41 % tapered adj. #HHEH

coarse-grained tH &% vortex ['vo:teks] n. ¥R, HER

eutectic [ju:'tektik] n. FL& dissipate ['disipeit] vt. &vi. WRHEL, FHK
terminology [te:mi'noladzi]l n. Ri& choke [tfouk] ». BHMXT, B

thermal arrest “P#ii5.E splashing Wi, (KM

intricate details % runner [rana] n. ¥§iE

plaster [pla:ste]n. TH riser [raize]ln. E O
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slag [sleeg) n. ¥'¥& gas flushing EFZFH

flux [flaks] n.  BhEF) precipitation [prisipi'teifan] n. UTiEHTH
inert atmosphere S5 phosphorus [fosforas]) n. B

ingredients [in'gri:djont] n. &kl cold shuts #5441 FIARRE L

ladle [leidl] n. 4f castability 4§t

entrainment [in'treinment] n. ¥ 4% detrimental [detrimentl] adj. HEH, FRIK

degassing [di:'geesin] n. HX

1.5 Forging

Forging is the term for shaping metal by using localized compressive forces. Cold forging
is done at room temperature or near room temperature. Hot forging is done at a high
temperature, which makes metal easier to shape and less likely to fracture. Warm forging is
done at intermediate temperature between room temperature and hot forging temperatures.
Forged parts can range in weight from less than a kilogram to 170 metric tons. Forged parts
usually require further processing to achieve a finished part.

Forging results in metal that is stronger than cast or machined metal parts. This stems from
the grain flow caused through forging. As the metal is pounded the grains deform to follow the
shape of the part, thus the grains are unbroken throughout the part. Some modern parts take
advantage of this for a high strength-to-weight ratio.

Many metals are forged cold, but iron and its alloys are almost always forged hot. This is for
two reasons: first, if work hardening were allowed to progress, hard materials such as iron and steel
would become extremely difficult to work with; secondly, steel can be strengthened by other means
than cold-working, thus it is more economical to hot forge and then heat treat. Alloys that are
amenable to precipitation hardening, such as most alloys of aluminium and titanium, can also be
hot forged then hardened. Other materials must be strengthened by the forging process itself.

There are many different kinds of forging processes available, however they can be
grouped into three main classes:

Drawn out: length increases, cross-section decreases.

Upset: Length decreases, cross-section increases.

Squeezed in closed compression dies: produces multidirectional flow.

Upset forging increases the diameter of the workpiece by compressing its length. Based on
number of pieces produced this is the most widely used forging process. A few examples of
common parts produced using the upset forging process are engine valves, couplings, bolts,
screws, and other fasteners.

Upset forging is usually done in special high speed machines called crank presses, but
upsetting can also be done in a vertical crank press or a hydraulic press. The machines are
usually set up to work in the horizontal plane, to facilitate the quick exchange of workpieces



